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Precipitation from individual storms in this region is
rarely heavy, amounts as much as 1 inch per hour oceur-
ring on the average not more than once per year at each
station, while amounts of 2 inches or more in 24 hours do
not occur more frequently.

In Figure 3 is shown graphically the general distribu-
tion of annual precipitation over the Great Lakes region,
based upon the 50-year averages of all the stations.

In general, precipitation increases southward from the
upper to the lower Lakes, though there are well-marked
exceptions, notably near the shores of southern Lake
Huron, on both the Michigan and Canadian sides, where
the annual averages are nearly 5 inches less than further
east or west and but little greater than those found in
portions of the northern Superior drainage. On the
other hand, in the Georgian Bay region of (%ntario there
is an area with distinetly heavier amounts, in some in-
stances averaging nearly 10 inches above the figures for
northern Mic%jgan on the opposite side of Lake Huron.

Another area of apparently light precipitation is found
along the north shore of Lake Ontario and at a few points
on the south shore, particularly near the lake level.
Elsewhere over the drainage area the annual precipita-
tion, as stated previously, increases gradually from north
to south, ranging from about 25 inches along the northern
watershed of aie Superior to nearly 40 inches over that
of southern Lake Erie.

Precipitation over the Lake region is rather evenly
distributed through the year, with a tendency toward
heavier amounts during the warmer portions. This is
particularly noticeable over the western districts, where
the distribution more nearly resembles the Great Plains
and upper Mississippi Valley type, viz: Moderately heavy
%recipitation in summer and usually light in winter.

ere the warm-season precipitation ranges from 60 to 70
per cent of the yearly total. Farther east, however,
there is some tendency toward heavier precipitation dur-
ing the colder period of the year. This 18 most pro-
nounced east of Lake Huron where, in the Georgian Bay
district, nearly 60 per cent of the precipitation occurs in
the six months October to March, inclusive.

The percentages of precipitation for the two periods,
April to Septem%er and October to March, inclusive, are
shown on Figure 4.

Over the lake surfaces.—With regard to the amount of
water falling on the lake surfaces as compared with the
adjacent land areas, 1t is of course impossible to make
definite statements, though there is strong evidence that
the catch in gages where exposures are comparable with
the actual lake surface is less near the lake than farther
away from it.

In northern Lake Michigan, a station has been main-
tained at St. James on the extreme northern part of
Beaver Island, located about 25 miles off the eastern
shore, and approximately 50 miles from the western
shore, for a pertod of about 20 years. Comparing identi-
cal years with Mackinaw City, on the adjacent mainland,
it is found that St. James receives only 94 per cent as
great precipitation as Mackinaw. Similarly, near the
western shore of the same lake, on Plum Island, off the
extreme northern end of the peninsula which separates
Green Bay from the lake, a station has been in operation
for a number of years. Comparing identical years with
two stations on the mainland some 25 miles equi-distant
northwest and southwest of Plum Island, it appears to
receive only 92 and 96 per cent, respectively, of the
amounts for the two shore stations, or 94 per cent of an
average for the two stations, the same as in the preceding
case.
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On the southern side of Lake Superior the Keweenaw
Peninsula, just northeastward nearly 50 miles into the
lake, at the extreme northern part of which is the station
of Eagle Harbor, Mich. The gage at this station is
located only a few feet above the lake on the immediate
shore and exposed to the full force of the lake winds. At
Calumet, about half way between the base and the
extreme northern point of the peninsula, but located
inland about 4 miles, there is a station also with ground
exposure for the gage, but at an elevation more than 600
feet higher than at Eagle Harbor, and probably protected
from the full force of the winds by the general forest
cover. Comparing similar years of record, Eagle Harbor
receives only 80 per cent as much precipitation as Calu-
met. On the other hand, comparing Eagle Harbor with
Houghton, Mich., a regular Weather Bureau station at
the base of the peninsula and about 10 miles inland, with
the rain gage exposed on the roof of a building 57 feet
high, but probabfy not as fully exposed to the wind as at
Eagle Harbor, the catch is only 14 per cent greater than
at Eagle Harbor. Houghton has 10 per cent less precipi-
tation than Calumet, due doubtless to the difference in
wind effect on the catch of the two gages, and also to
the higher elevation of Calumet.

Considering the comparatively small differences in the
average annual precipitation in the cases cited above,
and the well-known fact that the winds are usually
higher over the lake surfaces than on the adjacent
shores, also that increased wind velocity materially
lessens the catch, it may be expected that gages located
away from the mainland, on islands or peninsulas, will
register less precipitation than would be measured on
the shore; but this, it is thought, would in no important
particular indicate a lessened actual fall over the lake
surface as a whole, as compared with the amounts re-
ceived at shore stations near the lake level, but simply a
lessened catch.

IMPORTANT VARIATIONS OF PRECIPITATION IN THE LAST
50 YEARS

The record of nonperiodic variations.—Aside from giving
the above general survey of precipitation, the purpose of
this investigation was to ascertain what important
changes have occurred in the amount or distribution
of preciﬁitation over the Great Lakes drainage area
during the 50-year period 1875 to 1924,

Viewing the data from nearly 100 different points,
on the yearly totals at each station in the separate lake
basins, and averages for each basin as a whole, both by
figures and diagrams, it becomes apparent at once that
the outstanding features are the Eeavy precipitation
during the first 10 years of the period over the greater
part of the area, the persistent and important decreases
during the following few years, the rather steady, but,
on the whole, diminishing annual totals for the period
about 1896 to 1916, and the marked decreases in practi-
cally all the region since 1916, including 1925.

The heavy precipitation occurring in the early years is
not peculiar to the lake region alone, as is shown by
figure 2.

This gives the average precipitation for five-year
periods from 1872 to 1924, inclusive, over the eastern
two-thirds of the United States, based upon the records
of 60 well distributed observation points in that area.

For a period of about 10 years, 1875 to 1885, the
precipitation for this area averaged nearly 45 inches,
whereas during the remainder of the period the averages
are mainly only slightly more than 40 inches or even less.
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In the tables and diagrams showing the precipitation
over the combined lake areas, as well as on the separate
lakes, similar conditions appear and the same holds

od for the individual long-record stations, particularly
m the Superior, Michigan, and Huron basins, where,
with two or three exceptions, all stations show much
heavier precipitation during the early years.

Dividing the adopted 50 years of record into two
periods of 25 years each, 1875 to 1899, and 1900 to 1924,
inclusive, and charting the differences between the two
sets of averages for all the stations (see fig. 5), it becomes
evident at once that a large deficiency has accumulated
during the later period over the greater part of the basin,
the area of important losses embracing practically all
the Michigan, Huron, and Erie basins, where the average

- loss per year ranges from 3 to 8 inches, the area of
greatest loss, slightly more than 8 inches, occurring in
the northern portion of the lower Michigan peninsula.
Losses of from 2 to 4 inches per year occurred over
much of the Superior basin and locally in that of Ontario.
There was apparently a slight increase in precipitation
during portions of the second 25 years at a few points
north of Lake Superior and locally in some of the other
basins, particularly on the Canadian side. On the whole,
however, there is indisputable evidence of a large deficit
in precipitation over the Lake region in recent years.!

Considering the drainage areas of the four lakes,

* Superior, Huron, Michigan, and Erie only, some un-

usually dry years occurred, even in the earlier part of
the period. In 1888 the average precipitation for this
entire area was only 29.6 inches, and the preceding and
following years were nearly as dry. The driest of the
50 years was 1895, when the average was 27.6 inches,
and 1894 was likewise dry.? The year 1910 with 27.8
inches was the second driest of the period, but both
the preceding and following years had amounts above
normal. Continuing the record to 1925, that year had
the least precipitation since 1875, with an average of
27 inches only.

Examining the dry periods by groups of three years,
one preceding and one following the driest. year, 1887-89
had an average of 30 inches, 189496 had 29.8 inches,
and 1909-11, 31.7 inches. However, the past three
years, 1923-25, had but 29.2, this last group being the
driest in the 51 years, and the six preceding years also
had amounts less than normal.

The longest period with precipitation continuously
below normal over practically all portions of the basin,
but not so low as in some single years, embraces the
last eight years of the period, 1917 to 1924, inclusive,
in which only one year, 1921, approached closely the
normal. Including 1925, the period is increased to
nine years. The average deficiency for the entire water-
shed during this period was more than 2 inches per year,
and rangeg up to 6 inches or more in some portions.
(See fig. 6.)

The possibility of periodic variations.—No other weather
element varies so greatly as dprecipitation, nor has
its upper limit been ascertained. Like other weather
elements, however, despite its wide variation, precipita-

tion always tends to return to the amount common to

I This is also true for the United States as a whole.—Editor.

? The diminishing precipitation in the lake region during the years 1894-95 was com-
mon to the eastern and central portions of the United States, the drought years seemingly
progressing from the Mississippi Valley eastward . —Editor.
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the area considered. The Great Lakes region is as free
from violent fluctuations of precipitation as any other
part of the country; nevertheless, there are material
variations in the yearly amounts, and it is probabl
within the limits of good judgment to state that periods
of marked excess of precipitation will usually be followed
by changes to the opposite coudition, and that these
swings may at times be effective over 5 to 25 or more
years. Probably the best guide to future conditions is
knowledge secured by a careful survey of the past.

A record of 50 years’ annual precipitation is far too
short to establish any conclusion as to the length of these
Reriodic swings, but the 88 years of record at St. Paul,

finn., referred to previously, may again be examined.
In the five-year groups in Figure 2 there is evidence of -
Well—markecF periods of heavy and light rainfall recurring
at intervals of 20 to 30 years. The more important
crests center at 1847, 1868 and again in 1902, while im-
portant depressions occur between, the latest continuing
at the present time. It is therefore within the bounds
of precedent to expectin that locality, a return to normal
or possibly to above normal within the next few years.

As regards the effect of such a return on lake levels, how-
ever, the evidence indicates that owing to the characteristic
lag ©n response of lake levels to precipitation, the lake stages
would probably go lower unless the increase of precipitation
ahove normal were very marked.

Attention is invited also to the record of 100 years’
precipitation observations at Marietta, Ohio, and the 96
vears’ at Rochester, N. Y., shown on the same diagram
with St. Paul. The five-year averages at these places
show long periods of precipitation with general trends
above or below normal, though there is little evidence of
any pronounced recurrence of wet and dry periods at
anytllling like uniform intervals. At Marietta, however,
the trend is upward at the present time, the precipita-
tion for the past 10 years approaching closely the wettest

eriods of the record. At Ii{)ochester the past five years

ave been among the driest of record, though not so dry
as the five-year periods centering at 1837, 1887, and
1907. Here the trend is at present downward, and as
the five-year averages of precipitation have been below
normal for 20 years or more, it is perhaps an allowable
conclusion that in this locality precipitation will soon
return to normal or above.

No matter how we may view the question of the dis-
tribution of precipitation in the Great Lakes region dur-
ing the past 50 years, there can be but one conclusion:
that there has been a marked falling off in the amount
of precipitation received in recent years, as compared
with the amounts 40 to 50 years ago. There is, however,
apparently no cause to suspect human agencies as being
responsibﬁ; for any important part of this lessening.
Nor has any other area of the earth’s surface suffered
within recent times a permanent important change of
climate, a fact indicated by the rate of forest growth,
which appears to have been not greatly variable for hun-
dreds pr even thousands of years, and by the agricultural
produtts which have in many cases remained unchanged
since earliest times. It is therefore safe to predict that
fluctuations in the amounts of precipitation over this
region will occur in the future as in the past, and we
shall again experience the generous distribution received
during the earlier years of rainfall measurement in, this
region.
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RECORDED CHANGES IN THE LEVELS OF THE GREAT LAKES
AND THEIR RELATION TO EVAPORATION AND PRECIPI-
TATION.

Evaporation as a possible cause of reduction in lake
levels.—Of all the lakes making up the chain from Superior
to Ontario the first named has been affected least by the
human activities usually assigned as being to some extent
responsible for changes in climate.

he greater part of its draigage area lies north of the
lake and in a region still largely covered by the original
forest. Hence, deforestation as a factor in reducing pre-
cipitation and its resultant run-off, into this lake at least,
must be eliminated as a factor.

Increase in the rate of evaporation has been assigned by
some as a possible partial cause for the reduction in the
lake levels, this change, it is assumed, being brought about
by destruction of the forests, the possible increase in wind
velocity thereby, the drainage of swamps and changes in
the character of the ground cover.

As stated above none of these have been extensively
operative in the Lake Superior district, but the level of
that lake has apparently fallen more rapidly than the
others. In advance of the fuller discussion of lake levels
in the section on “‘Lake levels and precipitation,” fol-
lowing, it may be stated that for the period 1875 to 1916
the range in the Lake Superior level was but 1.7 feet,
while that of Huron—Michigan for the same period was
3.6 feet, slightly more than twice as great. Since 1916,
including 1925, the fall in Superior has been about 2 feet,
while for Huron-Michigan it has been 3.1, only one-third
greater. This proportionately greater decline in the level
of Lake Superior can not logically be ascribed to increased
evaporation from its surface since the factors usually
assigned as influencing evaporation have not materially
changed in that area.

Evaporation is to a very large extent dependent upon
the dié,erence between the vapor tension due to the tem-
perature of the water surface and that of the air directly
1n contact with it. If the difference be great, evaporation
will be rapid, while it will decrease as the two values of
vapor tension approach each other.

ayford (2) says in discussing run-off and evaporation:

The run-off and the evaporation in question have not been meas-
ured directly. From sources of information which are in part
external to this investigation, it is estimated that during the months
June—-October of each year the run-off into Lake Erie from the sur-
rounding land-drainage area is such as to produce a rise from 0.004
to 0.040 foot per day in the mean lake surface, with only a small
percentage of days in which the rise is more than 0.020 foot. For
Lake Michigan—Huron the run-off expressed in the same terms is
even more constant.

So, too, from external evidence, it is estimated that on either lake
during the season June to October the evaporation produces a fall
in the mean lake surface varying from but little more than 0.000

foot on some days to 0.021 foot on days of extremely rapid evapora-
tion. * * *

The above estimate of the maximum evaporation loss is
supported by the few direct observations made by the
United States engineers at Milwaukee (3) in 1862-64
as given in Table No. 1 below. That table also includes
the monthly totals of evaporation as recorded at the three
evaporation stations maintained by the Weather Bureau
in the general region of the Great Lakes, but not, how-
ever, close to any one of them. These stations are
located at Centerville, Minn., Columbus, Ohio, and Itha-
ca, N. Y., and the record is for the months May—Sep-
tember, both inclusive, 1919-1925.
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TaBLE 1.—Monthly evaporation in inches and hundredths at certain

stations
Station and year May | June | July | Aug Sept. | Total
Milwaukee, Wis.:

1862 e iiiiiaioas 4,90 5, 54 6. 49 5.76 4.13 26. 82
5. 41 5.18 4.73 4.00 23.07
7.53 7.45 4.78 2.00 30.12
6.16 6.37 5. 3.38 26. 67
________________ 8. 62 4,51 |oo._.__
5.71 7.17 6. 07 4.64 29. 66
7.20 | 10.68 6.19 4.37 34.14
7.56 6, 20 5. 87 4.23 29. 61
6. 56 7.06 5.33 4.39 30.35

5,74 6. 14 7.25 3.36 28.8'
7.67 5.92 8.37 5.69 (! [34.91]
6.76 7.20 6. 53 4.48 31.26
6.11 | 26.84 5. 40 4.25 26. 05
5.12 6.02 3.58 3.63 23.22
6. 42 6. 68 5.85 3.40 [, 27.24
5. 69 6.12 4,91 4.02 25.43
5.26 5.68 4.34 3.42 23.26
4. 05 5.78 5.76 3.38 22,14
7.12 5.77 4.94 4.32 27.98
Average_______________._._.__ 4. 49 5, 68 6.13 4.97 3.77 25. 05

Ithaca, N. Y.:

9 3.70 5.11 5. 60 4. 00 3.74 22.15
4.03 4.78 5.02 4.45 4.07 23.25
4. 58 5.90 5. 58 5.33 4.10 25. 49
4,74 4. 95 5. 81 5.11 7.05 27. 66
4. 24 5. 06 5.75 4,85 2.37 22,27

2.65 4.53 5. 04 4,28 2.31 18. 81
3.42 6.05 5. 14 4,12 2.43 21.16
4.04 5.20 5, 42 4. 59 3.72 22.97

1 Figures in square brackets are interpolated.
2 Record for Wooster, Ohio, which should compare favorably with Columbus.
3 Partly estimated.

The air temperatures and presumably the water
temperatures also, during the great majority of the
months comprised in the record, were above normal,
especially in 1921, 1922, and 1923; evaporation was at a
maximum in 1921 except at the Ithaca station, where the
maximum was deferred until 1922. Considered as a
whole the temperature was favorable to rapid evapora-
tion during the first four years and the wind movement
was not adverse to it, but during the last three years
temperature conditions were not particularly favorable
for any increase in evaporation. _

The difficulty of applying the results of the pan ob-
servations at the three stations to large water areas such
as the Great Lakes is recognized.?

Lake levels and precipitation.—In view of the impor-
tance of the commercial interests around the shores of
the Great Lakes, the vast amount of freight transported
on their surfaces, the constant trend toward the use of
vessels with greater tonnage as a matter of economy in
transportation, and the depth limitations of harbors and
connecting channels, any changes, actual or prospective,
which indicate a lowering of the levels of these waterways
are viewed with much concern. A discussion of the
distribution of precipitation over their drainage areas
would be incomplete without some comparison of this
with their stages.

Through the courtesy of the United States Lake Survey
Office, Detroit, Mich., transcripts of the monthly and
annual levels of the several lakes from about 1860 to

3 An extensive and interesting discussion of the possibilities of evaporation from the
“Great Lakes is now in course of preparation by Mr. John R. Freeman, consulting engi-
neer, Providence, R. 1., in which the problem is approached by several different methods,
but mainly by measurements of differences between the inflow into the lakes and the
discharge therefrom, and by consideration of the temperature, wind and other conditions
over their surfaces, based upon many years of observation.
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1924 have been secured and diagrams showing graphically
these annual levels are presented with those of precipita-
tion, for each of the lakes and for certain combinations
of thes)e for the 50-year period 1875 to 1924. (Figs.
7,8, 9.

On account of the extensive area of the region under
discussion, the various sizes of the lakes and of their
respective watersheds, the different amounts of precipi-
tation over their drainage areas and' the large dependence
of the levels of Lakes Huron, Michigan and the lower
chain upon the discharge from Lake Superior, a close
correlation of the levels of the individual lakes with the
precipitation over their respective basins is impossible
save for Lake Superior.

Lake Superior.—This lake, having & mean elevation
above sea level of about 602.2 feet, or 21.3 feet above that
of Lakes Huron and Michigan, is influenced in no par-
ticular by the conditions existing in the lower lakes.
Its stages should therefore respond directly to the precipi-
tation over its drainage area. It has a seasonal range in
level of about 1 foot, being usually highest in the late
summer and early fall, averaging 602.78 feet in Septem-
- ber, and lowest in late winter and early spring, averaging
601.75 in March.

For the period, 1860 to 1924, inclusive, the highest
yearly average was 603.06 in 1876, except in 1916 when

artly by artificial means ¢ the level was raised to 603.10

eet, and the lowest 601.42 in 1924, though it was only
a trifle higher in 1879, 1892 and 1911, the extreme range
by years being but 1.64 feet.

In general the levels of this lake respond to the pre-
cipitation over the drainage area, though usually the
maximum effect of one year’s precipitation is not reached
until the following year unless it is excessive or deficient
early in the season.

The highest yearly average ever reached under normal
conditions, that is prior to the installation of the regula-
tory works in 1916, is 603.06 feet in 1876, although the
grecipitation for that and the preceding year, as shown

y the few stations then in operation, does not appear to
have been materially above the normal. However, the
lake was nearly as high for several years preceding, and
the excess of precipitation in 1876 was promptly effective
in continuing the rise.

Immediately following this high stage there was a
marked fall in the lake level for three consecutive years,
during which the precipitation, though still above
normal, diminished somewhat for two of the vears, but
not in the volume apparently necessary to produce such
a large change in the lake level, while the last year of
the three had apparently the heaviest precipitation of the
50 years under consideraton. :This was without effect
in staying the downward trend of the lake level for that
year, though its influence is shown in the prompt and
important rise in the two following years. The failure
of the heavy precipitation in 1879 to stay the fall in lake
level for that year was doubtless in a measure due to
its ocourrence mainly late in the season. Also it is
possible the interpolated values of precipitation, assign-
ing heavy falls to the entire drainage area, as indicated
by the few records available at that time, may have
been in error. Furthermore, there is some evidence of
error in the measurements of lake levels, as shown by

1 Letter under date May 18, 1925, from Lieut. Col. E. J, Dent, Corps of Engineers
U. S. A., reports that compensating works at the outlet of Lake Superior had perma-
nently raised the level of that lake by about 1 foot.
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unusual changes in some of the months, and to the fact
that portions of these records also were interpolated.
Another significant fact is that the higher the lake level
the greater the opportunity for a rapid run-off through
the enlargement of the usual discharge channels. The
levels will therefore be lowered much more rapidly
when at flood than at lower stages.

There are occasional instances when the full extent
of the rise or fall, but particularly of the rise, is coincident
with the year of increased or decreased precipitation.
These are well illustrated in the rises associated with the
moderately heavy precipitation of 1893, 1894, 1899 and
1916. In the latter case, however, compensating works
at the outlet of Lake Su}Jerior had, as already pointed
out, permanently raised the level of that lake by about
1 foot. These works must have become operative to
some extent prior to 1916, as indicated by a rise of 1.7
feet in the level between 1911 and 1916, without any large
excess of precipitation, while the completion of the works
in 1916 is doubtless responsible for the sharp rise in that
year, although there was a material increase in the
precipitation also.

During the following year, however, there was a
striking deficiency in precipitation, and the lake level
fell off rapidly, apparently from no other cause than
lack of precipitation over the watershed.

Beginning with 1917, the annual precipitation in this
basin has been constantly below normal, and except for
slight interruptions, the lake level has continued to fall,
till in 1924 it was at the lowest stage of record, though
as stated previously the stage was only 0.01 foot higher
in 1879. The past year has shown a continued deficiency
in precipitation and the average level for 1925, 601.10
{feet, is the lowest since 1860. It is clear that but for the
controlling works the present actual level of Lake Sup-
erior would be nearly a foot lower, presumably all due
to a lack of precipitation, unless the canals and locks
leading to the lower lakes have augmented the discharge,
which appears improbable since in all operations tending
to improve navigation in the links connecting these
lakes it has been the aim to so place excavated material
that while the channel is deepened the actual outflow
shall not be increased.

Examining the records of precipitation over the
watershed since about 1885, when the number of report-
ing stations became sufficient to establish reliable values
of precipitation for all portions of the drainage area,
it appears that a precipitation average of about 29
inches will maintain the lake level above 602.2 feet,
without artificial control. ) ]

In comparing the changes in Lake Superior levels with
the precipitation over its drainage area, it is remarkable
how smah the responses are to important variations in
precipitation. This is particularly noticeable in the
great extremes of precipitation in 1884 and 1885, when
the annual averages differed by about 1 foot, but the
increase in lake level from 1884, the year of excessive

recipitation, to 1885 was only 0.3 foot, while the decrease
rom 1885, the year of marked deficiency, to 1886 was
but 0.4 foot. This may have been due largely to the
season of the year in which the bulk of the precipitation
occurred. In this case the excessive precipitation of
1884 was largely toward the latter part of the season
and did not become fully effective until the following
year, thereby overcoming to some extent the effects of the
deficiency in 1885.
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Lakes Huron and Michigan.—As these lakes stand at
practically the same elevation (average for the 50-year
period, 580.9 feet above sea level), and their drainage
areas receive usually similar amounts of precipitation,
conditions affecting the level of one will be reflected
promptly in the other, and they may be considered as a
single lake.

ike Superior, they were at high stages near the
beginning of the period, the level in 1876, 582.61 feet,
being within a few inches of that in 1886, 582.96 feet,
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low stages of Lake Superior, whose drainage area during
a portion of the period was likewise experiencing an
important reduction in precipitation Witﬁ) diminishing
run-off. _
There was a sharp fall of slightly more than 1 foot in
the levels of Lakes Huron and Michigan from 1894 to
1895, the drought years, the greatest change within 1
ear for the entire 50 years, and a continued slight fall
1n 1896 brought the level of Lake Michigan to an eleva-
tion of 579.47 feet, 3.49 feet lower than in 1886, as quoted
from the report of the Deep Waterways Commission

discharge from that lake.

Under the influence of much the heaviest precipitation
in the 50 years over the drainage basins of these lakes,
from 1880 to 1885, supplemented by a nearly normal
discharge from Lake Superior, they again rose steadily
to alevel of 582.96 feet by 1886, the highest, as previously
stated, in the 50-year period and probably with one or
two exceptions the highest since 1838, the year of maxi-
mum known stage, 584.34 feet.

Beginning in 1886 there was a sharp decrease in pre-
cipitation, which, with slight recoveries in 1890, 1892 and
1893, continued until 1895, inclusive, the last-named year
having the least of the 50 years. The lake levels fell off
during this period, the decline being augmented by the

the highest in the 50-year period. The levels of these

lakes also fell off rapidly, as did Superior, during the three noted above, and within 0.41 foot of the stage of 1924,

ﬁears following 1876, due to diminishing precipitation, 579.06 feet, the lowest of record for the 50-year period.
ut the fall was somewhat less rapid than was that of The 1925 stage was only 578.21 or 0.85 foot lower still.
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F1G. 7.—Precipitation and lake levels, annual means, 1875-1924, for Lakes Superior, Michigan, and Huron
Superior, probably on account of continued excessive With increasing precipitation over the basins during
the 8 to 10 years following 1895, augmented by more than

normal discharge from Lake Superior due to the same
cause, the levels of these lakes gradually rose to slightly
above normal stage of 580.90 feet, continuing steadily at
581 feet thereafter for several years.

Since 1908 there have been several sharp increases and
decreases due to changing precipitation in both the
Huron-Michigan and Superior basins and to increasing
or decreasing discharge from Lake Superior, the lakes
rising in 1918 to the highest point since 1889. :

Since 1916, excepting 1921, the precipitation in the
basin of these two lakes, as well as that of Lake Superior
during the whole period, has been constantly below
normal, the average deficiency for the 8-year period
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being 1.7 inches per year, or a total of 13.6 inches for
the period. During the 9 years, 1893 to 1901, inclusive,
the average precipitation was slightly less in this basin
than indicated above, but in this period Lake Superior
levels were high and the discharge probably was materi-
ally above normal, thus offsetting the effect of decreased
precipitation in the Huron-Michigan basin.

Since 1916, precipitation over the Lake Superior basin
has been constantly below normal, the average yearly
deficiency being 2.84 inches or a total of nearly 23 inches
for the 8-year period. As a result, the water level of

1885 1890
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The report of the Board of Engineers on Deep Water-
ways (4), gives numerous references to the early levels
of the Great Lakes, and shows that the extreme high
water to which all levels concerning Lake Michigan are
referred, occurred in 1838, when the eleévation stood at
584.3 feet, 3.4 feet above the normal. It was nearly
as high in 1858-1859.

The lowest authentic stage appears to have occurred
in 1819, 577.7 feet, 6.6 feet lower than in 1838 and 0.5
foot lower than in 1925, which, with that exception, is
probably the lowest of record.
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F1a. 8.—Precipitation and lake levels, annual means, 1875-1924. for Lakes Erle and Ontario

Superior has been greatly reduced, despite the presence
of regulatory works at the Soo, and Lakes Huron and
Michigan are now receiving far less discharge from
Superior than usual.

The prompt rise of these lakes in 1917 and 1918 in
response to the moderately heavy precipitation over
their drainage areas in 1916, with nearly normal discharge
from Lake Superior, shows that with an average annual

recipitation of slightly more than 32 inches, the normal
or the basin, and with the usual discharge from Lake
Superior, these lakes will maintain their normal level.

In connection with the 1924 levels of these lakes, it is
interesting to note that in their early history they
showed fluctuation as great or possibly greater than any
in recent years.

In this connection the following quotation from the
report of the Board of Engineers on Deep Waterways
is pertinent (4):

The general depth of the foot of Lake Huron, 134 miles above
the head of the St. Clair River, was originally about 21 feet to 27
feet, over which were scattered numerous shoals with only 16 to 18
feet of water. A channel 2,400 feet wide and 21 feet deep at mean
stage has been cut through these shoals. At the time of the last
complete survey of the head of the river, in 1867, the depth across
the bar over which the lake discharges into the St. Clair River
was only 27 feet, and through the gorge at the head of the river
the central depth was 48 feet.

Investigations made during 1898 and 1899 show that a channel
has been scoured through the bar 75 feet deep, and the depth in
the gorge at the narrowest place increased from 48 feet to 66 feet.

There is now a channel over 40 feet deep from the lake into the
river, the increased outflow through which has lowered the general
level of Lakes Huron and Michigan about 1 foot.
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Lake Erie.—On account of the smaller area of the drain-
age basin, and its lower elovation, the levels of this lake
are goVerned largely by the discharge from the higher
lakes of the chain.

In general, the responses to variations in precipitation

are more prompt here than in the larger lakes, though,
as might be expected, they are less in degree, due to the
steadying effecis of the discharge from the other lakes.
- Like. the lakes previously discussed, Erie was at high
stages near the beginninf of the period, reaching a maxi-
mum in 1876 of 573.7 feet, the normal for the 50-year
period being 572.4. The heavy precipitation in the early
eighties over most of the Great Lakes was less pro-
nounced in the Lake Erie basin, and the corresponding
water levels did not reach the extreme high points shown
by Huron-Michigan, though they continued high for a
longer period.

Beginning with 1891 the Lake Erie levels fell off, due to
decreasing precipitation over the whole region, and
reached the lowest stage of the 50-year period, 571.2 in
1895. This, however, was not so low as in 1925, 570.9,
the lowest since 1860.

.

With the other lakes, Ontario has been more or less
below its usual level for several years, though the fall
has not been so uniform or so extreme. Like Erie it
rose slightly during 1924, following a_ considerable in-
crease in precipitation over its basin, but fell with the
other lakes in 1925, despite a continued increase in the
precipitation over the drainage area, though in 1925 it
did not reach the low average level of 1895 by more than
half a foot.

Mathematical correlations between precipitation and lake
levels.—It seems clear from an inspection of Figures 7
and 8 that an analysis of lake levels and precipitation
by the method of correlation coefficients would yield
interesting results. To include a reasonably compré-
hensive study of this character would delay publication
of this paper. However, at the suggestion of the chief
of bureau, we present at this time the results of the
computation by Mr. E. W. Woolard and Mr. W. R.
Stevens of the direct Pearsonian coefficients of correla-
tion (with their probable errors) between the levels of
the Great Lakes and the precipitation over the water-
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FiG. 9.—Precipitation and lake levels, 1875~1924, mean for four lakes, Superior to Erie

Precipitation continued generally less than normal for
s number of years following 1895, and the lake level
remained at low stages until 1902, following which there
were several sharp rises and falls, also sﬁown by the
other lakes, Erie reaching comparatively high levels in
1913 and again in 1917 and 1919. Since that time the
lake level has been below normal, reaching a low point of
571.4 in 1923, only slightly higher than the lowest pre-
ceding record, 571.2 in 1895, and slightly lower than in
1901 and 1911. Contrary to the case of the lakes dis-
cussed previously, Lake Erie showed a slight rise from
1923 to 1924, due evidently to increased precipitation
over its watershed; but, as stated above, its stage again
fell during 1925.

Lake Ontario.—This lake has an average elevation of
246 feet above sea level, or 326.4 feet lower than Lake
Erie. It has generally wider fluctuations than Erie, but
they are mainly similar.

Like the other lakes it was high in 1876, but reached
its peak in 1886, 247.6 feet, though it was nearly as high
in 1908 and again in 1913. As in the case of Erie it
reached its lowest level for the 50-year period, 244.8 feet,
in 1895.

sheds, using simultaneous values of the annual means
of the quantities.

Lake Superior_ _ . ___ . _____.. +0.2244-0. 134
Lake Erie__ - _ . __ _ ____ o _____ + .2214 . 134
Lake Huron-Miehigan.. ______________________ + .5054& . 105

The first two coefficients, in addition to being very
small, are apparently not significant (judged by their
probable errors); the third apparently is significant, but,
since the importance of a coefficient is measured by its
square, even this coefficient is not very large. Moreover,
the ordinary formula for the probable error of a correla-
tion coefficient is not reliable for samples as small as 50.

There is, of course, a delay in the response of lake
levels to precipitation. Mr. H. W. Clough has sought
to bring this out by his short method of obtaining corre-
lation coefficients, which is based on the signs of year-to-
year variations. The following table shows the coeffi-
cients between precipitation and lake levels, the
precipitation being compared with the lake levels of
one year before, of the same year, and of one, two,
and three years later:
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-1 0 +1 +2 +3
- Superior. —38 +20 +55 —50 =57
Michigan-Huron —48 —28 452 +36 +15
Erie....coovoaon- . -~ 56 +57 —25 -+20 —&67
Ontario. oo ... —48 +40 —32 —28 +33

- The sequence of the signs and the magnitude of the
values clearly indicates a lag of lake levels behind pre-
cipitation, but accurate evaluation of this lag from yearly
data is impossible. For Superior, the lag i1s apparently
somewhat less than a year (about nine months) and for
Michigan-Huron about a year. For the lower lakes it
appears to be between two and three months. These are
conclusions based on the obvious indications of the figures;
there are, however, certain evident discrepancieg, but
discussion of these must be reserved for another paper.

It will be noted, moreover, that there is both agree-
ment and disagreement between the values for the
coefficients as computed by the Pearsonian and the short
methods for the simultaneous relations of lake levels and
recipitation, especially for the case of Lake Michigan-
?Iuron. The disagreement is to a considerable extent
explainable on the basis of two factors: First, in the early
years of the record there was a large and persistent lag
of the Michigan-Huron level behind the precipitation;
second, the Pearsonian method takes account of secular
trends, which in the data under review are very pro-
nounced.

It is expected that further study of these data by the
method of correlations will be carried out, using monthly
or seasonal values as far as the data available permit.

SUMMARY

An attempt has been made to show graphically the
relation between the average annual precipitation over
the drainage area and the average combined change in
lake Jevels resulting therefrom. (See fig. 8.)

In preparing these graphs only the four lakes, Superior
to Erie, have been considered. One of the graphs shows
the average annual precipitation over the four drainage
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areas, based on the records from all the stations used in
computing the precipitation over these areas, while the
other shows the average annual change in the levels of
the four lakes resulting from changes in precipitation or
other factors affecting their levels.

These, as may be expected, show decidedly complicated
conditions, but still indicate that material variations in
precipitation are effective on the lake levels for a con-
siderably longer period than would be expected, thus
making the combined changes comparatively small
even when the changes in precipitation were large.

The yearly changes of the individual lakes, as previcusly
indicated, are shown on the preceding diagrams.
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TABLE 2.—Annual precipitation in the drainage area of Lake Superior, 1876-1924 (inches)

]

Inter- | Poke- | 8andy |+, arn - - i- .

punu | S pafens o | Tk | Vi iy Ptery B | oun | Mottt ace, | Bov | Sl | por | S5 Sk |

Minn. | (near), | Falls | Falls | Dam | o0ry | (nenr), | (near), | mean), | 8¢k | (near), | duette, (néq_r); Marie, [ATHUL (hoary, | (near), | BiVers { Means
" | Minn, | {aean), | (near), | (mear), 1 y e ir 1 e M | e | Ngre? | MiieB. | Yrien. | Mich. Mich. | Mick. | O | “Ont.’| ong.’ | ©Bt-

- | Minn, | Minn, | Minn, inn. is. is. is. Mich. ich. ich. nt. nt.

125,34 |124.62 | 125,68 1125.95 [127.84 |127,22 |131.33 [137.36 |131.90 |139.49 | 30.22 [135.15 | 20.66 {12216 [124.15 |129.10 [124.56 .82

130.25 1120.40 [130.66°( 130,98 [133.24 {131.17 [135.08 [137.10 [135.72 [130.48 | 31.44 13516 | 82.41 |126.46 |128.84 |133.66 | 127. 46 32.27
132,36 (131,25 | 132,59 (132,04 (13534 |131.45 |1 3436 [131.2% [134.08 |133.15 | 27.54 [120.52 | 27.00 |128.58 (130,66 [134.86 | 126,84 31.63
126.98 |126.38 {126.68 {126.07 |128.93 (129.66 {134.95 |134.36 |135.59 [136.42 | 36.19 |132.48 | 2519 | 24.48 |126.68 (132,80 [128.24 30. 08
138,10 ) 135,91 143,02 | 143.47 |146.64 | 142,77 |147.54 |135.50 | 148,40 |137.60 | 40.75 |133.56 | 23.00 | 27.42 [129.80 |136.78 |131.72 38.19
134.94 [133.78 [136.15 |136.63 [139.19 | 135.71 (139.55 |131.77 [140.26 [133.62 | 33,44 |120.98 | 30.62 | 29.58 |132.06 137,23 | 130.02 34.58

133.33 |131.92 1135,67 1136.05 | 138,68 | 138,09 [3243,95 [140.98 [144.79 |148.61 | 42,01 |143.31 | 24.92| 26.63 |129.08 |136.50 |132.14 36. 95
1381.24 |1120.23 (136,12 [ 136,50 [139,16 (136,73 [141.35 (138,75 |142.10 |140.93 | 37.08 |136.52 | 31.03 | 21.35 |123.27 | 129,89 |126.84 34.23
123.42 (123,18 |122.04 | 122,27 [ 123,90 12468 (120,17 |130.20 |'29.70 {131.56 | 30.50 [128.58 | 31.20 | 22.75 |124.80 [129.75 {125.00 26. 44
131.70 {130.44 {133.58 |133.94 [ 136,41 1136.15 (141.93 | 142,24 | 142.70 {1 44. 83 | 41.44 | 40.43 | 31.42 | 2578 [128.10 (135,32 {131.08 35.72
110.82 1119.54 {118,965 {119.16 |1 20.56 | 121,91 |126.23 | 129,82 |'26.76 |131.90 | 28.60 | 30.00 | 27.53 | 18.84 |120.54 |125 42 |122.04 23.81

120.45|128.16 | 131.70 | 132.04 | 134,37 |131.30 | 134.66 [130.03 |13528 (132.76 | 20.27 | 20.12 | 381.20 | 23.28 | 1811 1290.98 | 24.80 30.00
127.69 1127.16 | 28,18 |127.42 (129,42 [126.96 (120,94 |124.25 |130.48 [125.70 | 2562 | 21.72 | 23.16 | 25.48 | 22.80 | 30.22 {122.69 28. 52
127.37 1127.06 | 27.13 | 126,22 (12813 (125,92 |134.12 |130.44 | 23.50 | 3548 | 3546 31.24| 38.41| 26.36 | 2550 | 32.00 |124.72 29, 41

129.24 | 28.00 | 25.65| 27.00 [ 30.00 { 30.50 | 30.00 |:23.45 | 31.19 | 28.38 | 30.31 | 30.90 | 35.39 | 24.50 | 26.54 |135.68 | 33.18 29. 83
122,77 | 22.00 | 26.63 | 24.50 | 23,00 | 26.00 | 3502 | 132,14 | 27.37 | 3414 | 3447 | 35.10 | 40.06 | 20.17 | 19.43 [128.17 | 25.24 27.79
12599 | 21.00 ¢ 26,00 | 23.00 | 22.50 | 28.36 | “26.04 |120.0% ) 24.74 | 2533 | 33.78| 30.27 | 20.57 | 20.52 | 30.59 (123.64 | 17.07 25, 94
124821 28.74 | 22.50 ) 2243 | 27.00 | 26.20| 24.91 | 3222 27,991 3L.43 | 27.28| 20.60| 30,09 | 10.12 | 2579 |122.77 | 17.19 26, 04
123,67 | 20.26) 26,24 23.67 | 26,00 | 28.65 | 3L.10 | 32.00 | 25.98 | 32.24  358; | 33.45| 39.64 | 23.15| 22,20 | 27.66 | 28.12 28,48
128,18 | 24.66 | 32,01 ¢ 20,11 34,73 | 33.25) 26.11 | 27.56 | 32.42 | 20.02) 3558 | 33.87 ) 33.53 | 92252, 23.00) 30.85| 23.88 20.61
24.62 | 23.93 | 26.53 | 21.70 | 36.10 | 30.36 | 34.89 | 27.20 | 36.82 | 31.11 | 33.04 | 30.59 | 30.55 | 22.47 | 28.71 [130.20 | 28.08 28.74
32.14 % 2500 ) 32.58 1 34.57 ) 39.47 ' 23.81 | 27.40) 20.47 | 3472 33.00 | 20.59 ! 32.25| 3462 | 21.50 | 25.41 |120,73 | 26.40 29,94
32,07 | 25.53 | 28.24 | 34,01 | 30,59 | 30.32 | 3538 | 27.28 | 28,64 | 26.95, 30.03 | 29.53 | 3616 2451 | 26.30 126,60 | 17.58 28.93
31.80 | 27.97 | 27.55 | 22.06 | 30.54 | 18.60 | 2L.76 | 27.49 | 34.96 | 32.63 | 27.48 | 25.11 | 27.91 | 2514 | 3410 | 23.16 | 26.85 27.10
30.00 | 29.00 | 37.23 | 33.46 | 3539 30.12 ] 3574 | 32.43 | 39.28 | 30.87 | 36.43 | 21.82 | 30.68 | 26.53 | 19.44 |132.73 | 25.79 30.99
30.20 | 29.50 | 20.35 ] 20.97 | 31.50 | 27.99 | 3%.22 | 37.83 | 40.62 | 33.47 | 32232 | 18.35! 30.93 | 27.09 [129.53 (134,22 | 27.70 30. 16
25.07 1 26.00 | 20.64 | 21.50 | 30.15| 31.81 | 28.71 | 32.71 | 31.31 | 4590 | 37.19 | 18.66 | 27.38 | 22,51 [124.54 (130.92 | 27.28 28.78

27.72 , 22.00 ) 27.13 ) 23,20 31,13 | 2n.24 | 28.52 | 27.25| 3499 2810 | 26.77 | 17.90 | 26.00 | 21.52| 2A.60 |131.16 | 28.49 27.01
30.00 | 30.00 | 29.77 | 35.36 | 33,90 [ 3560 | 4K.€8 | 43.27 | 3R.61 | 35.00 | 39.%4 | 2821 | 20.04 | 22011 2287 [13L.92 | 20.48 32.92
23.75 | 25.00 | 22,66 | 20.86 | 27.02 | 26.08 | 81.30; 29.43 [ 32.47 | 3200 | 33.24( 31.7¢ 27,50 | 22.27 1 25.65 (130.84 | 27.42 27.48
32.67 | 3500 37.76 | 36.16 | 42,83 | 33.63 | 41.00 | 32,51 ) 3541 | 32.50 | 28.18 | 26.79 | 25.81 | 26.11 | 26.85 [132.43 | 25.76 32.62

24.36 | 26.00 | 26.67 | 27.26 | 29,17 | 33.14 | 33.46 | 40.23 | 34.56 | 31.47 | 37.49 | 22.19 | 23.71 | 25.08 (127,34 |130.14 | 23.01 29.11
23,60 | 21.00 | 20.97 | 21.91) 20.59 | 20.82 | 24.93 | 23,02 | 30.68 | 29.46 | 31.62 | 26.50 | 24.42 | 23.%9 | 126,04 | 13536 | 33.31 25, 67

27.30 ) 24.64 ) 2404} 33.88) 26,01 | 28.54 | 2800 )| 2421 | 32.12| 2695 | 30.29 | 24.45| 26.06 | 2L 55 |126.76 13596 | 33.59 28.28
27.00 1 29.19 | 24.73 | 29.7, 32,06 | 34.64 | 20.50 | 35841 33.47 | 31.56 | 20,27 20,42 | 24 54| 20.08 122,87 (130.12( 27.67 29.23
17.00 | 18.89 | 21.25 | 19.77 | 18.39 | 18,59 | 17.14 2.00 | 28.53 | 23.56 | 30.54 | 25.00 | 24.25| 16.55 |118.04 | 28.20 | 28.06 22.18
27.60 1 26.61 | 2855 21951 26.31 | 2389 20.60 | 36.78 | 3464 41.55 7.22 1 20.35 | 29.08 | 2493 /127,17 | 46.09 | 35.37 31.23
20.75] 21.85 | 16.97 | 19.78 | 20.96 | 22,16 | 29.10 | 2825 | 3407 29.51 | 30.50 | 2451 | 26.43 | 20.11 (121.92 | 34,29 | 28.47 25. 08
27.64 | 27.91 | 32.43 | 27.57 | 20.86| 29.65| 35.50 | 3L.16| 30.63 | 20.74| 30.24 | 30.26 | 30.49 | 26.07 [129.40 | 40.24 | 20.59 29.92
2436 | 25.13 | 2152 27.75) 28,12 | 24.71 | 33.90 | 30.66 | 30.56 | 3434 | 20,23 | 30.30 | 26.51 | 19.54 | 21.60 | 27.54 | 16.24 26.79
25.60 | 24.00 | 26.24 | 27,73 | 25.56 | 23.87 | 34.45 | 35.05 | 34.77 | 32.93 | 3524 | 33.73 | 28.43 | 25.43 | 17.20 | 34.29 | 26,25 28.70
29,35 | 30.57 | 25.35 | 26.15| 28.39 | 30.63 | 38.90 | 32,12 4437 | 37.33 | 30.23 | 3552 | 4L02| 20.35 | 26.14 | 26.04 | 20.10 32,18
2400) 1512 1514 | 20.98 | 18.88 | 2584 | 2816 | 19,08 20.38 | 27.86 ) 27.29 | 26,59 | 23.48 | 14,03 | 20.60 | 23.82 | 24,36 22,71
16,86 1 19.32 | 21.31 | 20.58 | 19.42 | 20.70 | 27.16 | 205.07 | 3482 | 30.76 | 41.81 | 3415 3L.01 | 20.24 | 2502 | 32.34 | 28.36 26. 09
17.99 | 20.55 | 26.17 | 27.25 | 28,62 | 27.30 | 36.78 | 2515 | 33.81 | 35.51 | 23.54 | 28.53 | 20.39 | 1814 | 21.09 | 31.32{ 30.49 20.74
20.53 ) 13,29} 20.58 } 20.90 ) 25.42 ) 3200 | 3205 | 28,34 | 3268 | 33.31| 29.16| 27.50 | 20.11| 22.70 | 24.23 | 23,03 | 2231 26, 60
22.50 | 20.62  20.85 | 25241 2110 2531 | 38.53 | 3262 26.95| 3267 | 3L.28 | 32.52| 3L.64 | 2283 | 277 25.98 | 2471 27.35
22,7 2107 | 2214 | 27.80 | 23.35} 26,37 | 3400 3552 | 38.80 | 37.89 | 33.71 | 3222 | 29921 19.60 | 26,58 | 22.04 | 1851 28.23
2L.77 | 16,93 | 15.75 | 21.83 [ 17.80 | 22,13 | 23.84 | 30.25 | 3409 2.33 ) 25,35 | 29.15 | 28,38 | 17.59 | 23,18 | 26.02 | 20.95 24,73
19.46 | 19.81 | 21.09 | 23.53 | 24.66 | 31.26 | 3461 | 23.70 | 33.14 | 26,44 | 27.19 | 26.89 | 24.51 | 22.10 | 22.88 | 24,62 | 22.10 25,62
26.54 | 25,74 | 26,97 27.15) 20.16 | 28,78 | 32,92 | 31.37 | 33.54 | 33.34 | 32.54 | 20.61 | 20.59 | 23.19 | 25.25 | 30.67 | 26.11 28.97

1 Interpolated.
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TaBLE 3.—Annual precipitation in the drainage area of Lake Michigan, 1876-1924 (inches)

5 : slels sl 0515 s] 51z
o . . : . . & : 4 -,
E . B a 4 X 4 g = 5 ] g e g : = i o g o4g
a. g g|® |k | 4 B | B . N R e -0 gl PR - O =€ 2, BS
A g (B3 5415 8§85 |5 |32 =585 28| |FE %8¢ " 28|
25 B gz |8 |5 d|8 5 |s |88 |8%|5% |55 |8R| 5 =% %] q | 85585
E§§g§§?§’§g8‘a’>2§gi5ggig'gggsg
3 S ] 3 G} i a =5 a @ 20 E ~ o] Gl <]
< |la|lm|f|o|d]|]2|2|2 (0|82 |& @ |R |[O |d|o jo K| 3|8 |& |2
137, 36|125. 96(141. 72]140. 06| 22. 80| 30. 26| 35. 56| 38. 06| 36. 52| 34. 68| 36. 20| 42.00] 35.00| 37. 63| 43. 54| 34, 41| 33. 67| 31. 00| 28, 44]134. 10| 34.00| 3477
137, 10133, 72{146. 81/140. 95 36. 15| 32. 63| 5036, 36. 48 40, 58) 39. 57| 39, 10| 46. 00 39. 00| 48. 08| 42, 44 46.20| 35.24| 37. 32| 30. 55{140. 84! 36. 00} 30, 68
131 28127, 36142, 38|133. 90| 27. 67| 28. 16! 46. 15| 41 01| 34. 34| 34. 47| 44. 05| 35. 00| 34 99| 33.95| 34, 61 36.03| 31, 83{ 47, 78| 37. 42[131. 44| 30. 00| 35, 42
1343|135, 58/137. 26/135. 33| 30. 54| 34 01| 38 2| 41.95| 34 62 32, 44| 30, 15| 36. 00| 30. 18| 32, 70| 32. 73| 33.75| 36. 65| 45. 82| 31.97(130. 84| 20.00| 36. 15
135, 50130, 63|120. 27|131. 23/ 35, 21| 27.22) 24.03! 30, 71] 29.62| 32, 61| 45. 00| 38. 00] 34.95| 30. 56| 30. 76| 35. 48! 20.91! 30. 21( 26.72(132. 48( 35.00] 33,17
131, 77/138. 02131, 568|132, 72| 46. 72| 30. 71| 20.96| 37. 32| 44 40| 33. 20| 37. 35 Aool 40.77| 47.70| 30.17) 44 65| 45.38 41.17| 45, 08]139. 24 34 00| 38. 47
140, 08)144. 40146, 02{146. 44| 52.91| 37. 55| 30.07| 44. 18] 45.75( 47. 22| 45. 43| 43. 00| 47.91| 44. 28| 48, 49| 47. 80| 43.18| 41, 03[ 34. 66(140. 28{ 36.00] 44,00
138 75140 70|136. 03]143. 12| 42. 89( 40. 13| 28.43) 4134 43. 03] 35. 36| 41. 31| 45.30] 31. 36| 42. 62 40. 07 42. 16| 41.73| 33 70| 32. 88[138. 66| 37. 00| 20.23
130, 20{138. 85(131. 24/136. 48| 41. 13| 38. 12| 20. 47| 45. 86| 46. 51 35.91) 41. 62| 43, 42 41.42| 35. 60 30. 02 44 84| 52. 14| 36. 33| 48. 36{130. 08| 33 66| 30, 07
142, 24144, 00|138. 76|145. 02| 40. 19| 40. 51| 30. 57| 34. 61 36 76! 34 95| 35. 40| 42. 50| 40. 85| 40. 40| 43. 15| 46. 62| 43. 07| 30. 99| 36. 28[130. 40| 40. 32| 40.22
120 82) 37. 00/133, 44)133. 80| 40. 58| 31,80( 32 55| 44.37, 30. 50| 35. 78) 41. 23| 38, 84 38, 40| 33. 00| 31. 42 35 81 33 04) 40, 51] 35, 63(133. 00| 28. 43| 36.08
130. 98] 25. 71133, 60/135. 76{ 28. 78| 34. 05| 31. 46| 26.77( 32.46| 31. 24| 30. 94{ 42, 77| 36. 00| 34. 70| 32 36| 35. 31| 35. 03! 32. 21| 27.95(134. 46' 23.30| 32.24
124,95 30, 45| 32. 56,126. 54| 38, 80| 2647 30. 46| 20. 13, 36. 16| 33. 24 33. 52| 3306, 33. 00| 22.96| 23.01 32 75| 30.98| 34. 48| 31. 10{12. 12! 15.08| 30.17
130, 44| 30, 82| 35.47/120. 04| 23. 06| 28. 20| 23. 40| 30. 86| 34 10/ 26. 41 31. 00| 37. 82| 36.17| 31.22| 25. 89| 25. 96| 30. 40| 28. 03| 26. 56{!28-08| 26. 35| 29. b2
128, 45| 28 10 32, 56120, 69| 20. 17| 28. 52| 31 70| 34.03| 32. 30| 24 52| 35.00] 3501 28. 78| 2856 26. 77 24. 02| 27. 63| 28, 50 23. 78(126.37| 34. 27| 28,90
132, 14| 33, 41| 38.34'133. 74| 36.98| 32. 86| 30,09| 32 69| 32, 81| 36, 44| 37. 5| 3143 37. 23| 20. 85| 30. 02| 32. 26| 26. 60! 35.96| 31.91(128 19| 37. 67| 33.47
32,

129, 08) 21.40| 26. 03| 23.95 24. 24| 24. 67| 20. 76| 26. 54| 31. 09| 31. 29 32. 70| 35. 14| 32. 25| 30. 69| 24. 83| 26. 26| 28. 80| 34, 41 24. 78127, 06
32, 22{ 34. 34| 33.02; 35.20| 37. 10 32. 76| 35.03| 36. 56 44. 45| 43. 21| 40. 35 36. 29| 38. 55{ 29. 35| 32. 76| 31. 77; 40. 83| 33. 33| 29.92(130. 06| 29. 83| 35.45
32. 00| 20.73| 32.99| 29. 75 31. 46| 30.95| 32. 87| 27. 47| 20. 10| 29.95| 35. 40 30. 80| 33. 35| 27. 75 26. 26/ 34.97| 42. 57| 34. 80/ 31.20/129. 16| 25. 07| 31.42
27.56] 25.16] 35. 80| 23.80! 24. 59| 25. 48| 27, 79| 27. 46] 25. 26| 35. 491 30. 63( 29. 36| 31. 85| 27. 81| 27. 03| 32. 61| 26. 18; 26. 07, -19. 30;127. 46/ 32, 43| 28. 14
27. 290 15.59] 21. 04, 24. 64| 13.49| 20. 16| 24 88| 32. 38f 27. 02 25.90| 27. 92| 26.37| 26. 70| 26.96) 34. 30} 25, 62 31. 11| 3. 57| 22. 80['23. 00| 27. 66 25. 00

29. 47| 31.91| 33. 09| 32.20{ 31 35| 31.23| 28. 98| 33. 14| 34.94] 32. 52| 35. 46( 30. 49; 20. 26| 30. 15| 33. 85| 30. 18} 20. 50; 43. 40| 33, 22{126. 84| 31.77| 32,18
27.28! 27.01) 34 13| 25, 50; 22. 58] 26. 58/ 31,05} 25. 85| 30. 93 25. 17| 32. 39| 34. 66| 31.53) 30. 93| 28. 55| 32. 32| 30. 69| 36.49| 33. 61f 23.42| 27, 49| 29, 26
27.49} 25. 16! 20. 08/ 30.40; 31.91( 25, 70| 32, 43! 33. 77| 44. 35 38. 65| 3%. 32| 38. 49| 36.17| 37.66] 30. 11} 36.02| 34.61| 28,93| 32, 42| 24.66! 32. 86| 32,98
32.63| 23.90( 25. 76| 31.30, 26.81( 21.30| 22.82| 26. 40| 26. 62| 23. 94| 31. 77| 26. 72| 34. 53| 31. 38| 25.26| 27. 98| 29. 55| 36. 48| 23, 67| 23. 36| 33. 41| 27.99
37.83| 27.45| 32.76; 46. 55 28. 78| 29. 34 30. 10| 28. 65) 33. 05| 33. 68/ 34. 55| 33.96| 33. 44] 38, 57| 26. 86 32. 33 35. 30| 35. 29| 31. 62| 27. 30| 46. 46| 33.72

32.71] 24. 63] 26. 46| 33. 00| 20.24| 25.91] 18, 60/ 24 52( 27. 28| 19. 70| 30. 93| 32. 65| 27. 90| 36. 40| 29. 97 26. 45; 36. 07| 21, 79| 32. 49| 29. 75| 35.91| 27.83
27. 26| 29. 86/ 27.61| 27.70| 31.25 32.90| 28. 63| 37. 57| 56. 11| 39.06] 41. 53) 33. 62| 34. 90| 24.09( 22. 21| 34. 81 39. 86| 38. 17| 38. 50| 27. 59| 31. 43| 33,77
43, 27| 20. 49| 23.80, 42. 88! 34, 40| 32. 16| 33. 11| 25, 09| 32. 63 35.91| 42. 32 33. 43| 33. 80| 19. 42 32, 53| 33. 19| 35. 60| 35, 55| 35, 93 21. 07 40. 98, 33. 55
20, 43| 28. 51| 30. 63] 43. 00 31.25) 30. 29| 20, 86] 26. 14| 31. 36] 28. 04| 31. 47| 28, 5 . X 5 3 8 5

32, 51| 32.86| 31.91) 39. 15| 25. 49| 31. 75| 32. 19| 35. 36| 39. 34| 40. 72 39. 27| 33.85| 40.23| 23. 72| 31. 42| 37. 85| 44. 36 34. 02| 39. 02| 20. 26| 19. 34| 34.19

40. 23! 33,44} 37.90) 39.30] 32.38, 30. 46| 30. 18| 30.87| 32. X . 3 . f . . 3 . . . 5 .

23.02( 32.35 27. 32| 26. 30( 30.29| 20. 74/ 34.90| 35. 10 38.08| 34. 18| 43. 58| 25. 35| 32.96/ 19. 81| 24. 30| 36. 04| 33. 39| 36. 72| 34. 55! 32. 42| 30. 20/ 31.59
24, 21( 26. 70| 21.91/ 35.34| 25.67| 28. 52| 28.32) 34. 83| 33.13; 31. 77| 33. 06 30.81| 34.31| 25. 73| 23.93| 33. 35| 31.17| 30. 26| 26. 63| 28. 98/ 24. 13| 29.33
35.84{ 28, 12| 26. 78 29. 09| 3033, 30. 89| 31. 51| 43. 22| 37. 38! 38.80| 43. 78| 35.05| 38. 05| 27. 25| 31.85{ 38.01) 39. 71! 42. 68| 20.72| 34 55| 20.04| 34 01
22.00{ 20. 75| 29. 14] 24. 50| 24. 37| 25.92} 21. 10| 26. 86| 24. 20| 22. 45| 33. 11} 29.95 24. 84/ 22. 67 27. 43| 25. 73] 23. 53| 30. 44 25. 08 26. 56| 24.31| 25.23

36. 78| 28. 72| 30.69] 44. 45| 32.73] 37.01| 26. 25 33.83| 45. 57| 34.90| 36. 85/ 33. 57| 38.04| 27. 21| 36.33| 40. 58/ 45.11] 32. 75| 31.12| 28.08| 29. 28/ 34.77
28. 25| 37. 53| 33.32| 40.99] 32.32) 34.33| 34 59) 29.67) 24. 10 35.20 38, 23| 36. 02/ 44.03) 25. 58) 27.32| 32. 43| 35. 20| 39. 45| 33. 50| 45. 67 10. 31| 33. 40
31.16{ 37.07| 30.83| 34 12j 36. 04| 32. 66/ 30. 38| 27.11| 28. 67| 33. 74 34.48) 37,01 28,68} 22. 15 26. 60| 24. 34| 23. 88| 25. 04| 31. 05| 29. 42 25.30; 30.36
30. 66( 32. 30 38. 03| 26. 50| 285. 17| 30.30| 32.48( 28. 61| 26.3%{ 31. 58| 31. 80| 41.42 27.32| 25.09| 28. 85 35. 80, 20. 83/ 30.97| 30.37] 34.27) 24, 26| 30.85
35.05) 32. 66| 27. 74| 33.72) 38.23) 30.97) 29. 76| 33. 34] 29. 46) 30. 49| 3. 61 33.95| 28. 40| 25. 86; 27.89| 35. 73| 28.93| 30. 07| 32. 41) 31.10] 22.62) 31.31

32. 12| 35.07| 34. 19 31. 43| 35. 33| 37. 38| 38. 05| 34. 05/ 33.38( 38.73| 33. 86 44.20, 28. 08| 33. 59| 32.31| 37. 75| 38. 58( 38. 02| 29. 48) 34.98 28. 60| 35.16
19. 08| 27. 64| 22.27, 22.97) 29. 40/ 27.02. 33.30, 24,66 25. 11| 25.37| 22. 17| 32.24 24 75| 24.10{ 24. 77| 20.62) 33.45( 32.36] 32.68| 24.30| 23.01| 26,80
26.07| 28.34( 31. 57| 28,90( 27.27| 36.19| 23.00( 33. 25| 31. 15/ 28.96| 34. 07| 36. 32| 20. 16/ 29. 74 27. 50; 30. 78| 31. 10! 37. 79| 31.95) 28.94 26.08| 30, 89
25.15| 33.11| 26.95| 36. 25| 35. 16| 33. 51| 30. 46| 33. 49/ 20. 98] 37. 03} 30. 51| 33, 66/ 30. 88/ 30. 67| 20, 63f 34. 07( 30. 20| 30, 41 31. 47| 28. 69| 27.36; 31.82
28. 34| 34. 68| 28. 76| 25.83( 27. 16| 36.36( 27. 86| 30. 21| 28. 50( 27. 36| 28. 83| 34.96| 31. 64| 33.05| 24 72| 25. 13| 30. 01! 35. 14| 28, 44| 30, 73| 23. 68| 30. 03.

32. 62| 32.88] 26. 09| 27.99! 38. 56| 29. 17 35. 02 36. 10| 36. 47| 42.36| 36. 76 33. 48] 30. 14] 32.98| 20, 42| 36. 45| 39, 08| 38, 81| 34, 25 31. 33| 30. 16| 33. 61
35. 52| 30. 59( 34.48] 28.90| 32. 04| 34. 36, 25. 64 31. 57| 23 &4| 25, 54) 28, 30| 40. 01| 34. 39| 32. 25| 33.92| 32. 77| 35. 15| 29. 34| 28, 08| 34. 21| 32, 02( 31.96
30. 25| 28, 71| 24. 14 26. 12| 31. 01] 32.95] 30. 86| 32. 48] 31. 801 30. 99] 35. 40| 34. 59| 28, 13| 25. 33| 27. 98| 29. 14| 27. 52| 34. 72 31. 08| 27.90| 24. 10| 29. 85
28. 70| 38. 68| 30.63] 31. 41| 32.38| 43. 04| 32. 30 34. 96[ 31. 62| 28. 92| 33. 45 39.38) 25. 16| 33. 34| 24, 59| 29. 45 28. 53| 40. 32| 27. 77| 28, 84| 24.99| 32.18

31.37] 31.02] 31.98; 33.16] 3194} 31.28) 31. 04 33.09] 34. 19 32.""7[ 35. 731 35. 59) 33, 88| 30. 72 20, 48| 33. 63 34 18) 34, 79) 31.26) 30. 63) 20, 20| 32.57
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1 Interpolated.



104 MONTHLY WEATHER REVIEW MarcH, 1926
TABLE 4.—Annual precipitation in the drainage area of Lake Huron, 18751924 (inches)
Che- . - Provi-
Alma |, | boy- | Fling %‘z{z%r H‘E‘i‘i{:,s' Lan- | Mio | Port nge I;]l;cvl;- Orillia | Parry | dence Rgf;’;r' Sau-
(pear), l\Ipi%h 'l gan | (pear), (ne(ar) (near), | Sing (near), | Huron, (near), | (near) (near), | Sound, | Bay (mesr) geen, | Means
Mich. “+ | (near), | Mich. Mich' Mich, Mich. | Mich. [ Mich. ont. Ont. ’| Ont. Ont. | (pear), Ont ' Ont.
Mich. e R 1 ‘ Ont. °
)
1875 o m e 134,34 | 37.27 |133.58 |128.80 |130.65 [137.46 | 28.44 |140.26 | 20.14 | 39.54 ) 30.86 | 33.11 | 39.15 | 41.12 [127.40 | 33.33 34.03
1876 - e eeaes 130.90 | 37.62 |135.10(133.99 {13595 |140.71 | 30.55 |146.09 | 37.16 | 41.72 | 30.24 | 25.95 | 40.57 | 34.26 123,40 | 36.12 36.08
7 3 133.42 1141.05 | 37.42 |140.27 | 31.61 | 35.26 | 28.64 | 30.86 | 3L.59 | 23.56 {124.32 | 20.71 33.27
137,90 114235 | 31.97 1138.24 | 30.91 ) 46.66 | 39.39 | 41.78 | 37.59 | 33.15 |130.51 | 41.47 38.12
130.46 | 138.77 26.72 (142.75 27.54 | 43.12 | 35.97 34.97 | 35.56 | 30.76 |127.07 | 35.94 33.75
138.83 33.86 | 45.08 [149.10 | 38.68 59, 51 33.31 38.98 | 42.85 20.88 1131.77 | 37.87 39.96
137.25 | 37.42 | 34.66 | 148,31 35.27 33.08 | 28.08 | 25.27 33.26 (134.60 |125.77 | 32.97 35. 62
140,82 | 30.20 ) 32.8% |'47.14 | 4104 | 43.87 | 20.97 ] 26.03 | 34.84 ;135,99 |134.33 | 28.16 37.57
135,10 | 36.74 48.36 | 138,12 | 3A.98 ot 41 36.65 | 39.10 | 43.01 [136.51 {133,587 | 37.97 39.7
130,12 | 34.47 36.25 1140.82 | 29.19 | 47.82 1 28,75 | 32.97 1 34.44 [133.80 [131.11 34.13 35.12
132,86 | 33.58 35.93 | 136.39 33.81 41.96 | 42,16 | 32.15 | 40.40 |134.21 |129.48 | 37.50 35.48
132,00 | 37.22 7.95 | 139.70 | 20.84 | 43,001 | 39.92} 37.3A | 39.14 |136.85 |132.51 | 36.47 34.90
30.07 35.93 | 31.10 | 32.66 | 24.82 | 36.39 | 41.52 | 28.03 34.05 (131.70 {123.65 | 33.78 31.15
23.12 | 29.67 27.66 | 26.07 | 24.33 | 33.52 | 37.66( 22,23 | 32.62 113346 {12470 | 3L.54 23.35
24, 64 32.69 | 23.78 23.42 | 22.22 | 35.77 42,66 | 33.88 | 31.20 /132,64 (127.76 | 35.11 29.98
34.93 30.87 31.91 32.51 32.95 { 37.50 | 3514 | 32.98 | 39.44 |136.95 |127.05 | 35.66 33.48
28.70 40. 31 24.78 28.74 33.81 40.65 | 39.13 33.01 38.06 | 133.08 (131.49 | 37.90 33.34
34.34 | 39.13 29.92 | 23,04 | 33,95 40.54 | 36.97 | 33.25 43,89 113538 {130.86 | 41.51 34, 46
33.78 38, 54 31.29 | 26.52 | 34.80 | 45.58 | 47.73 40, 14 48.03 |140.34 |135.23 34.73 36, 60
25.30 | 33.97 19.30 | 20.23 | 26,92 | 3543 | 35.53 34,71 39.39 | 136,43 |130.44 28, 16 20. 08
24,83 | 28,72 22.80| 23.61 | 26,11 | 3503 | 33.92 | 20.37 ) 35.14 |120.03 {128.19 | 32.85 28. 04
24,09 1 32.64 24.45 44.00 | 32,36 | 3430 | 33.10 {132,62 (129.47 [ 28.88 31.01
28.62 | 37.95 36.70 7.74 40,90 | 43.66 | 45.28 138,34 |134.64 | 40. 41 36. 49
25,70 | 3584 36.39 42,93 | 38.06 |1 29.01 39.99 | 38,00 |131.70 | 30.90 34.03
24,03 | 32.26 30. 45 41.82 | 39.10 | 38,16 43. 9 41.03 |131.73 32,05 32. 50
25.34 | 3L.11 35.89 39.40 | 35.34 29, 81 42,28 | 36.08 |130.19 | 31.49 33.08
17.46 | 31.71 28,40 20.36 | 41.92 | 36.40 | 34.81 50.30 | 37.41 |130.94 | 35.96 31.85
34.69 | 34.50 32.17 35.77 43.36 | 36.54 3811 45.23 32,92 |133.40 | 34.72 35. 60
O8. 88 | 3K.05 34.27 | 3291 40,001 37.71 34.93 | 38.22| 39.01 (12890 | 3592 34,51
18.65 | 31.71 32.01 25,97 36,73 42.01 28,59 | 39.27 32,12 |134.05 | 29.02 30.15
24,7 32,73 30.46 | 28,97 | 41,95 ( 41.87 [ 32.41 42.99 { 20.82 {131.45 | 38.30 33.59
23.42 | 38.50( 29.27 | 32,00 | 27.33 | 41.03 | 38.16 | 20.03 | 44.58 | 27.51 [124.08 | 34.00 31.70
18.84 | 3L.81 34.55 | 32,10 | 27.42 | 39,03 34.76 23.55 | 37.42 | 26.83 | 23.70 | 26.26 20, 54
26,15 | 31.33 26, 63 35,92 | 24.20 | 37.86 | 36.57 24.85 | 35.10 | 30.49 | 20.67 | 27.78 29.32
20541 20.79 | 20.72 [ 33.82 7.82 [ 40.63 | 45,14 | 20.31 | 41.58 | 28.80 1 25.42 | 41.78 32.81
24.56 | 28.08 | 25.08 | 3568 | 25.52 | 35.80 ) 40.91 | 27.99 | 38.09 | 30.32 | 25.03 ( 36.33 30.00
30,65 | 32.17 31,12 ) 43.32 | 26.50 | 34.78 | 36.54 20.96 | 31.92) 26,72 | 23.59 | 31.77 30. 94
35. 67 43.62 | 33.50 | 37.99 ] 3L.06 | 4576 | 49.60 | 37.43 | 44.60 21.00 | 32.26 | 39.65 36. 50
25.72 | 25.31 31,05} 21,14 32.41 36.31 35.22 | 25.7 38. 69 31.45 | 26.22 | 31.98 20.85
23.46 | 21.54 30.37 24, (4 22,97 | 36.93 31.39 | 3215 | 35.20 | 2495 22.36 | 28.04 27.62
28,49 26.42 | 32.41 28,27 25.78 | 3498 | 36.25 24.65 | 30.42 19.31 27.45 [ 33.29 28, 80
29,84 7.30 | 20.48 | 35.85 | 25.58 | 45.63 | 40.33 | 34.21 | 48.15 | 25,65 ] 3581 | 43.37 34,12
27.65 1 25,84 | 32,681 2455 | 25.32 | 3462 | 43.05( 36,15 [ 4591 28.64 | 35,20 | 37,00 31,27
28.31 25.39 | 3L.95 25,18 24,91 35.96 | 37.13 | 36.87 ( 36,57 | 37.83 | 31,95 | 35.27 31.56
3 23.47 22.25 31. 47 28,72 | 24.82 | 46.07 | 42.08 | 33.63 | 40.83 | 3521 30.19 | 29.43 31.91
28. 41 25, 67 24,72 28.44 27.27 26.34 | 36.52| 37.14 | 33.21 31.05 | 35.07 25,67 | 33.53 29.93
32.94 | 20.51 1 37.50 1 24.681( 3230 | 34251 34,11 [ 27.65( 37.43 ! 40.51 | 25.47{ 30.48 | 36.22 | 31,50 | 35.83 33.50
28.53 | 32.54 | 2855 | 30.57 ] 30.958 | 28.08 | 3245 | 25.61 | 30.14 | 30.19 | 28.3. 37.59 | 32.04 | 27.47 | 36.53 30.83
26,04 | 23.42 | 29.05{ 2531 | 2597 31.0S| 2882 2578 | 31.00 | 32.53| 30.69 | 33.05  23.93 | 30.51 [ 29.90 28,75
25.00 ] 20.79 | 31.57 | 24.95 | 26.26 | 27.77 | 27.45 | 22.75 | 38.23 ’ 33.34 | 33.98 ] 38.75 | 40.43 | 31.02 | 37.98 31.02
31.03 | 20.68 ‘ 30.20 | 28.68§ 32.98 1 3126 33.18 1 20.25 | 40.28 ‘ 37.11 1 32.02 | 38.96 ‘ 32.53 1 20,24 | 34.43 32.84

1 Interpolated.
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TABLE 5.—Annual precipitation in the drainage area of Lake Erie, 1876-1924 (inches)

Ben- Port
Ann Rug- War- | - JTames-| Chat- | Cot- | Dut- |George-| Lon- :
Arpor | D& | fon |Cleve- gles San-v To- | yen | Wau- Erie, Buf- ‘% en | ham | tam | ton | town | don Paris | Port | Stan-|Wood-
(near) troit, | Ridge | land, |qqry dusky,| ledo. | qqp | SPOD, | By falo: |pear),|(near),|(near), |(near),| (near), |(near) (near),|Dover,| ley |stock, Means
Mich' Mich. (%et?r)' Ohio Ohio' Qhio | Ohio Ohio Ohio " IN.Y. N Y. | Ont Vont.| Ont.'| Ont "Ont. Ont. | Ont. (%ea{), Ont.
K i LY. . . . . . b
1875 30.08 | 35.71 | 30.65 { 36.91 { 33.95 135.68 | 28.03 | 30.15 | 38.28 { 41.20 | 31.44 | 41,57 [129.20 (138.57 |127.10 | 34.87 { 32.53 | 34.00 | 30.08 | 29.36 34.11 | 33.93
1876, .- 42.15 | 40.40 | 47.53 | 41.19 | 88.73 [142.77 | 34.55 | 36.45 | 49.58 | 44.65 | 30.26 | 40.40 [135.21 [143.63 |{132.80 | 20.45 | 42.54 | 31.60 | 37.985 38.09 | 39.03 | 39.43

35.80 | 33.13 | 20.95 | 35.52 { 35.17 | 32.88 | 38.56 | 38.96 | 34.48 | 32.40 [!31.15 |138.05 |!25.85 | 28.25 | 32.62 | 26.40 | 29.56 | 34.60 | 26.60 | 32.76
41.20 | 53.51 | 37.00 | 42.91 | 32.67 | 45.09 | 37.24 | 55.23 | 60.24 | 47.15 [138.18 |146.86 [137.07 [ 43.70 | 44.23 | 41.81 | 41.58 | 42.16 | 46,00 | 43.76
37.75 | 41.52 | 31.85 | 87.71 | 30.27 | 32.52 | 36.60 | 36.25 | 30.47 | 34.88 {131.60 |140.14 1129.80 | 26.00 | 34.53 | 20.87 | 28.56 | 33.46 | 36.48 | 34.01
40.80 | 37.38 | 33.30 | 39.44 | 35.72 | 31.19 | 41.00 | 40.94 | 39.26 | 36.40 [138.74 |151.40 131.29 | 24.60 | 30.23 | 33.34 | 33.44 | 38.60 | 35,22 | 37.78

42.25 | 34.96 | 32.70 | 46.31 | 45.91 | 39.65 | 45.06 | 37.62 | 35.05 | 37.40 [135.14 [149.18 129,54 | 23.60 | 35.75  33.34 | 31.15 | 32.52 | 36.72 | 37.77
35.65 | 30.98 | 30.85 | 42.53 | 33.03 | 34.41 | 33.56 | 46.37 | 33.82 | 41.25 |128.00 | 29.21 |'28.26 | 27.38 } 35.27 | 29.67 | 31.07 | 32.64 | 33.80 | 33.97
43.80 | 41.13 | 36.85 | 41.80 | 34.24 | 38.49 | 41.59 | 44.81 | 35.07 | 43.71 | 32.46 | 32.41 [ 35.79 | 33.06 | 45.94 | 24.29 | 38.80 | 36.27 | 40.72 | 38.11
36.80 | 33.26 | 24.35 | 33.64 | 28.43 | 33.73 | 32.91 | 45.47 | 37.07 | 45,97 | 28.42 | 31.24 | 32,56 | 32.60 | 30.85 | 20.09 | 21.48 | 27.02 | 38.51 | 32.990
39.80 | 30.93 | 35.65 | 34.23 | 33.19 | 33.21 | 36.00 | 52.13 | 52.36 | 46.32 | 33.88 | 37.93 | 32.05 | 36.86 | 40.62 | 36.21 | 30.10 | 35.43 | 38,07 | 37.50

30.62 | 27.65 | 32.30 | 25.
39.84 | 30.00 | 41,44 | 2878

36.88 | 32.78 | 36.20 | 32.20
38.43 | 26.21 | 31.87 | 26,81
37.08 | 30.75 | 34.26 | 30.00
36,82 | 32.08 | 33.78 | 36.24

37.15 | 33.88 | 36.07 | 33.47 | 81.97 | 37.45 | 26.92 | 37.25 | 35.94 | 42.65 | 29.95 | 34.22 | 20.02 | 31.38 | 37.89 | 33.64 | 34.75 | 35.29 | 32.78 | 34.57

1 Interpolated.
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TaBLE 6.—A4nnual precipitation in the drainage area of Lake Ontario, 1876-1924 (inches)

Marcu

, 1926

Apple-| Au- . | Friend-| _

ton burn g}g ship w(g,;o
Gong: | @eapr| N1 | oo | N
1875 e 23.82| 20.75| 31.44| 31.34| 31.41
35.79 | 39.26 | 36.14{ 34.20
32.35 | 34.48| 2538 32.20
48.85¢ 60.24 | 39.26 | 55.83
31.50 | 30.47 | 33.42 36.60
35.41 | 30.26| 31.94| 43.19
36.45| 35.95] 37.20| 39.25
28501 33.82 36.17| 36.13
33.551 38.071 41.21| 34.49
2752 37.07| 48.97 | 31.47
39.20| 52,36 | 46,40 33.14
48.07 | 44.85| 36.90 35 48
36.36 | 31551 38.23 | 23.41

44,39 ( 33.87 | 3404 32.7
48.564 | 40.07 | 43.22| 40.10
47.42 | 46.55| 52.07 | 40.86
28.04 | 230.74| 34.52| 3144
30.30 | 45.87 | 40.04 | 34.81
24,59 | 38.64| 40.22| 34.78
39.08 ¢ 38.92| 48.30 | 36.44
20.32| 32.02| 32.35| 3248
34,59 | 37.29) 36.34 3832
29.07 | 37.72| 37.15| 36.61
44.71 | 33.50 | 42.40 | 40.44
34.50 | 29.39| 28.02| 34.65
38.15| 3593| 35.49| 37.17
42,40 | 35.49 | 41.94| 4500
39.04 | 32.91| 45.72| 37.87
40.16 | 37.95| 36.04| 39.65
41. 59y 35.83 | 35.74| 30.51
41.93 | 3585 37.82| 38.10
42.90 | 33.63| 40.35| 36.23
33.84 | 34.97| 3L.03| 35.36
30.05 | 34.24| 33.58 | 33.93
3L5)1 ] 36.97| 28.73| 37.59
40.48 | 42.43| 33.68| 36.99
27.99 | 37.03| 33.931 36.40
45.19 | 33.22| 32.94| 40.60
37.01 33.14 ! 35.13| 34.64
38.58 | 34.38| 34901 20.80
39.59 | 31.84| 40.97 | 31.63
34.21| 33.38| 37.36| 28.33
36.56 | 38.67| 35.91| 28.68
32.52| 32.21| 36.49f 3125
35.80 | 2812 | 37.07( 34.32
36.21| 30.77| 30.03| 32.31
27.49 | 26.71| 33.15| 25.78
38.27 1 29.41| 31.33| 33.10
31.55| 25.31| 33.65| 27.50
3253 | 33.37| 37.03{ 3L33
36.27 | 35.94| 36.83 | 35.34

Penn | Perry _(Sacketts| . Lake- i Peter- | Stoney R

K Yan) (City) R(;g?es (Harbor a]%ra%a Kzggs- (ﬂeld) lea';,d' (boro) (C reel)r T(');zon Means
near), | (near, ’ near), ’ Y near q near near), Y

NoY | Noy) | NYe | NUy)| omt | Ont R | Ont | Yong | Tont.| Ont
26.90 | 30.93 1 29.93 | 23.16 | *28.10 | 28.48 | 24.37 | *29.52| 27.50 | 33.64 | 29.73 28.76
33. 81 30.32 | 35.82| 25.72) *25,47| 30.40 | 27.55| *31.20| 27.16 | 36.73 | 32.40 32.10
31,07 | 32.01| 3412 | 32.20 ] *22.63 | 30.38 | 25.30 | *27.08| 22.03| 21.38 | 25,61 28. 10
41,43 | 49.39 | 48.81 | 38.85| *36.60 | 47.34 | 40.31 | *44.51 | 37.64 | 46.16 | 48.49 45. 28
23.93 | 30.201 3522 | 22,261 *21.34 | 32.95| 23.21 ] *25.48| 21.41! 29.66 | 29.37 28.33
23.87 | 32.79| 41.80 | 23.95| *25.06 | 31.22 | 28.97| 34.06 | 31.09 | 29.31| 3532 32.04
30.44 | 37.88 | 38.24 22 78| *22.50, 2515| 23.10; 28.77| 27.52 ' 28.04| 26.90 30.28
23.46 | 20.62| 24.73 | 25.37 | *24.38 | 34.61 | 28.84 | 30.97 | 23.77 | 32.23 | 24.84 28,85
33.77| 3544 30.50| 28.33 | *23.24 | 38.30 | 34.49 | 40.83 18.59 | 27.77! 34.13 32.62
26.73 | 34,17 | 3L17| 20.12| 30.54 | 36.82( 28.70 | 34.92| 33.84 | 27.68| 28.55 31. 50
30.20 | 35.10 | 28.31| 2811 27.24| 42,04 27.94 | 29.86| 31.51; 36.87 | 32.91 3419
31.73 | 32.02| 36.84| 29.54] 28.57| 41.73| 27.86| 33.64] 32.48 | 38.67| 35.08 34.85
26.36 1 30.5¢ 1 20.30 | 2200} 22.37| 32.66| 22.30| 32.77) 22.67) 33.46) 25.76 27.33
31.09 | 30.97 | 27.7 30.81 1 22.76 | 32.71| 22.38; 27.10| 27.10| 30.18{ 26.28 29. 85
39.90 | 46,85 35.70 | 5573 | 28.88 | 35.53 | 30.87 | 37.23| 37.23 | 34.03| 3. 23 38. 38
44.27 | 53.07 | 43.00| 32.14 | 31.32| 34.20| 27.68| 32.56| 32.56 | 40.36| 37.37 39. 38
33.7 28.60 ) 33.64) 29.12) 27,87 30.02; 22.96| 34.17 ) 3L.62, 37.63| 31.52 31.30
34.09 | 43.30| 35.02| 40.71{ 30.13| 3500] 28.75| 32.60| 33.00 | 34.40 | 29.50 34.48
20.74| 37.90 | 3550 | 39.13( 28.32( 36.56| 33.83 | 35.30] 43.30 | 45.62| 39.71 36.13
36.92 | 42.55 | 35.11 33.211 33.90| 29.53 23,44 | 3171 32.48| 32,74 29.58 34 67
23,14 31.22| 30.42 30.08!| 2548 26.03| 31.52 26.84| 27.30| 35.37( 2801 29.49
41.79 ! 36.62| 36.84) 33.01 | 24.92( 25.78| 29.65| 32.7 31.50 ] 33.54| 29.10 33.156
3L.89| 3212 | 30.12| 24.05| 30.87{ 28.32| 37.62| 42.33| 3599 38.67 | 32.48 33.39
3L.75| 37.60| 37.50 | 25.29 | 32.98| 31.50| 36.37 | 37.16 | 33.46 | 34.20| 30.95 34.93
25. 7 30.21 1 26. 7 21.67 | 26.60} 27.51{ 30.95| 37.20{ 3459 | 28.87( 2808 20. 45
30.48 | 35.77| 38.12| 34.40( 2800 30.84 | 30.33| 3598 3571 | 37.7 29. 59 33,92
35.33 | 43.62| 37.20( 40.66| 32.18 | 35.35| 33.93| 35.60| 32.60| 3526 32.27 36. 88
20.18 | 40.85 | 20.73 1 34.53 | 26.96 | 30.44 | 34.71| 43.01| 37.79 | 32.57| 31.02 34.94
33.96 | 43.67 | 20.44( 36,98 | 28.49| 33.43| 28.25| 30.62( 20.04:{ 37.34| 30.83 34.13
34.37 1 36.69 | 34.56 | 37.51| 31.97| 34.61| 26.80| 88.13| 34.30| 41.19| 3560 35.33
30.67 | 38.34| 33.50| 47.73| 32.20| 387.22 27.12| 38.68| 30.65| 33.98| 31.25 35. 10
30.69 | 39.29 1 20.74 | 34.31| 3583 32.26| 30.20) 40.23{ 38.13 | 35.05| 30.98 34.85
23.86 ( 37.21 27,60 3A.151 27.621 21.83 | 24.83| 36.51| 20.20| 36.841 30.76 3122
23.11 | 33.37 27.49 | 3111 | 28.58| 33.37| 27.04| 37.32| 27.44| 23.24] 20.50 29.79
22,221 29.30| 20.49 | 31.58 | 31.98| 37.99| 30.91| 46.46 | 33.21( 31.26| 3292 32.58
30.12| 385.56 | 35.52| 29.35( 29.18| 33.36| 34.50 | 56.08| 31.12| 30.92| 33.63 3529
28.43 | 35.01| 32.88) 31.07| 26.43| 32.72| 27.95) 2378 3L20| 2479| 29.16| 30.33
26.85 | 31.41 29,45 39.45| 35.69 ] 36.83 | 35.61| 45.38| 40.06 | 31.23| 32.53 35. 28
29, 51 33.26 1 33.20 | 36.18! 36.78| 33.51 ! 27.63| 20.47! 24.06 | 29.65i 28.75 31.95
30.47 1 39.61 | 20.83 | 25.77 | 27.00| 2516 24.35| 23.37| 24.20 | 2491 | 27.17 28.97
30.83 | 34.66 | 28.28 | 28.56 | 34.7 25.93 ] 26.34 | 26.34| 29.22| 23.65| 3471 30. 86
39.39 | 29.27| 36.14 | 37.68 | 381.77| 37.42| 30.47 | 30.48 | 31.95( 25.7 31.99 32.81
39.94 | 39.53 | 36.80 | 30.77 | 24.50 | 33.53 | 28.5S| 26.92| 80.41 23.48 | 34 33 32. 62

7.06 1 35.88| 20.35] 30.98} 2442 33.05| 36.94 | 3167 | 36.88| 22.90| 34 41 31. 44
7.13 | 27.25) 33.08| 20.78 | 28.40| 3498 | 26.75| 30.48| 2803 25.13 | 20.70 30. 63

27.35| 33.83| 27.69 | 31.36 | 28.50| 27.40 ] 22.45| 27.76 | 30.77 | 23.56 | 29.92 28.78
3115 3247\ 2813 | 20.46 | 31.18| 2486 2578 | 33.12| 20.95| 23.03| 27.37 28. 15
36.61 | 37.18 | 33,02 | 33.08| 26.23| 27.35| 10.23| 23.68| 26.95| 26.39 | 20.14 29, 79
27611 23.04! 3031 20.54| 21.99, 27.33( 18.09| 27.30 | 30.53 | 20.95! 33.63 27. 39
30.04 | 31.47| 31.50 | 32.58 | 30.88 | 32.81 | 20.17 | 28.75| 3148 | 22,01 | 33.89 31.3
31.19 | 3583 3271 31.76| 28.47| 32.37| 2850 | 33.66| 30.87 | 31.40| 3137 32. 468

¢ Interpolated.

TaBLE 7.—Average annual precipilation

(inches) in the

drainage area of the Great Lakes, and average annual lake levels (feet

above sea level), 18761924
o Precipitation Lake levels Precipitation Lake levels
Superior, Superior,
Michi- | 4y5 (5) Huron- ) Michi- | 4y 5y Huron- K i
gan, lakes Superior | Michi- Erie Ontario gan, laké's Superior | Michi- Erie Ontario
Huron, a gan Huron, gan
and Erie and Erie
33,02 3229 || 60267 | 581.48 2, 17)3 31.00 282' 7.; 580.53 | 57130 .2?1; %
32, 33.32 2.53 | 580,21 | 57184 :
Jasy A ko) ezal 3413 | 3413 | 60273 | 580.36 | &72.30 |  245.87
370 557l Gorer| mseen 30. 46 31.29 || 602.71 | 5%0.86 | 57254 246, 64
8 &7 33500 Gorisl Zaris 33.28 33.59 || 602.74| 580.98 | 572.17 246. 21
37.69 36.73 ||  60L 7 531,27 2(1) 71 32,25 ggg.g:; gl.gg 575. :;:g gg.gg
- 30.75 30.83 2. 1. 572, .
BB LA Gzl om0 2058 | 20,62 | 60227 | 580.99| 572.60| 24729
Er 3545 || Gosol| 2333 33.55 33.30 | 60LY3| 58050 ! 37215 246.12
% 3530 | B0v90 | sezay 27.73 20.01 || 60178 | 580.15 | 57187 245, 87
33.50 33.62 || 60215 582.72 33. 58 33.02 %1.&; 579.83 571.3; ﬁg. u:
32,84 33.26 2. 580, 572, . 1
2y Sae cones) 2% 3214 |  32.11|| 60232 | 580.68 | 57205 | 24700
29,55 2. 60 60295 | SR 29.85 20.70 602.38 | 580.24 | 572.17 246. 05
&0 | SEnl Bl 31.45 31.35| 60200 | 579.73 | &71.68 245, 10
34.21 3500 || 602.00| 581.05 gg. 08 g.?) '.(;1 ?g:; ig ggo. :ig 273 gg z;:g. i?)
. 50 . 02, 581. 572, :
sl 00| gonga) oso.d9 30.03 | 30.27 || 60207 | A8L40 | 57225 | 24644
39 | Gelssl Hees 31.13 3105 60231 | 580.01 | 57277 246, 65
%9, 50 s | Gomemi Sone 20. 74 20.58 || 602.38 | 580.56 | 57101 245, 40
27.57 2789 || 60262 | 57074 gg 32 3161 60213 g,;g. ég 57%. 30 215. ;5
. . 58 30.44 | 60201 . 572. 00 245.73
| Bu) i e 2011 | 22| 60L75 | 579,98 | 57141 24502
83 05 3337 | 60217 | 53035 30.58 30.71 || 601.42 | 579.06 | 57168 245, 43
30.10 20.98 | 602.60 | 580.32 32,34 32.36 || 60220 550.88 | 572.40 2146, 00
32.74 32.94 | 60277 | 580.28 ]
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Upper.—The third span of the Big Rock Bridge, about a mile below Franklin, Pa., floating down the Allegheny River on the ice gorge. This is perhaps the
first time that a whole span of a steel bridge floated down a river on ice. The span traveled 114 miles to a point near Venango. Two spans fell on the main-
line tracks of the Pennsylvania Railroad five minutes after a street car laden with passengershad passed over the bridge. Photo March 28, 1926, by P. L.
Mahaffey, Pennsylvania Railroad photographer

Lower—The gorge near Venango, Pa., about 215 miles below Franklin. The ice was moving toward the camera, and five minutes later had blocked the tracks.
Here it was nearly 40 feet thick at fimes. Tts movement was accompanied by terrifying sharp cracks and a grinding roar. Photo by P. L. Mahaffey, Penn-
sylvania Railroad photographer



M. W. R., March, 1926 (To face p. 107)

Upper.—““Icebergs” at Franklin, Pa., heaved out upon the banks of the river when the gorge broke, some of them destroying buildings. Photo by P. L. Mahaffey,
Pennsylvania Railroad photographer

Lower.—Ice stranded in back yards in Elk Street, Franklin, Pa., soon after the gorge had gone out. The water fell with such rapidity that floes were left stranded
upon the upper crust of the gorge, which had formed in some places 20¢ yards from the normal bed of the river, as here. Photo by Pittsburgh Post staff
photographer



